Methods: All the collected echinoderm samples were stored at 4 °C until further use. Results: As many as 19 species of echinoderms were recorded in both stations and it belongs to 10 families, three classes such as Asteroidea, Echinoidea and Ophiuroidea. The percentage composition varied from 0.15% to 73%. The species diversity ranged from 1.031 to 2.6; species richness was from 1.02 to 4.06 and species evenness ranged from 0.93 to 0.99. K-dominance curve drawn paralleled the trend of diversity indices. Cluster and multidimensional scaling showed the similarity in echinoderms composition within the stations. Conclusions: The present investigation is evident that the echinoderm occurrence was predominant during the summer season and proved statistically by using SPSS Primer 6.0.
Introduction
Echinodermata are the most familiar invertebrates and are a group of exclusively marine, triploblastic, coelomate animals. They are spiny skinned and possess penta-radially symmetrical body having endoskeleton formed by calcareous ossicles and spines with water vascular system. They are the highly advanced group among invertebrates. Since, they don't have heart, brain and eyes, produced by sexual or asexual reproduction. The soft tissue and skeletal characters are the key to identification and study of echinoderm. Therefore, maintaining the integrity of the skeleton and connective tissue is the key to successfully preserving and archiving echinoderm specimens. Most of the echinoderm has five radii or multiples thereof. They range in size from 1 cm to 1 m in diameter and often have brilliant colouring. They have numerous small, moveable protrusions called tube feet that aid in movement, feeding, respiration and excretion.
The echinoderms consist of six named classes, including Asteroids, Crinoids, and Concentric cycloids, Echinoids, Ophiuroids and Holothuroids. Moreover, echinoderms are the only animals that have mutable connective tissue. The phylum contains nearly 6 500 known species and constitutes the only major group of deuterostome invertebrates [1] . Echinoderms are globally distributed in almost all depths, latitudes and environments in the ocean, rich in reef environments but also wide spread in shallow shores. Echinoderms bear an important evolutionary relationship with vertebrates. Evidences indicate that the echinoderm may share a common ancestor with the lower chordates and hence the vertebrates. The sample collection was followed for twenty months starting from December 2012 to August 2014. The predominant species found in this landing belongs to phylum Asteroidea and Echinoidea. However, knowledge on the diversity of Ophiuroidea remains scarce in Brazil, with 134 recorded species [2, 3] . Although ophiurans are common and conspicuous animals, the scientific effort to describe their diversity has varied over the centuries, resulting in patchy knowledge [4] . The objective of the present work is to present an updated list of the echinoderms of the above mentioned landing centres with information coming from scientific collections, literature review and discuss the taxonomic distinctness and composition similarity for each class.
Materials and methods

Study area and sampling methods
(latitude 11°21' N; longitude 79°50' E) and Pazhayar (latitude 11°21' N; longitude 79°50' E), southeast coast of India were selected for the investigation of echinoderm diversity (Figure 1 ). All the echinoderm samples were collected by using trawl net from 100 to 200 m depth. The echinoderm samples were washed thoroughly with seawater to remove silt, debris and then moisture was removed using the blotting papers. The echinoderms were stored out, transferred to 10% formalin and preserved in 70% ethanol. All the echinoderm species were identified using the standard systematic key reference [5, 6] , and they were arranged systematically [7, 8] . 
Data analysis
All the data were analysed by various statistical methods, namely, univariate measures such as Margalef's species richness (d), Shannon-Wiener diversity (H') and Pielou's evenness (J') and graphical tools like k-dominance curve and multivariate tools such as Bray-Curtis similarity after suitable transformation of sample abundance data. Classification (hierarchical agglomerative clustering using group-average linking) and ordination [multidimensional scaling (MDS)] were used for data treatment with the help of Primer (version 6.0) [9] .
Results
Echinoderms in India have 651 species (Crinoidea 65, Asteroidea 158, Ophiuroidea 152, Echinoidea 113 and Holothuroidea 163), Andaman and Nicobar Islands and Tamil Nadu having 424 and 193 species [10] . In the present study, echinoderms from the Mudasalodai and Pazhayar coast had recorded 19 species ( Figure 2 ) and it belongs to 10 families under three classes Asteroidea, Echinoidea and Ophiuroidea. Among the 19 species, the S. virgulata was dominant in Mudasalodai and Pazhayar coast ( Table 1) . Data showed the number of species (N), eveness, Shannon-Wiener index, Margalef's richness and the results were shown in Table 2 . In the present study, the diversity of echinoderms from Mudasalodai and Pazhayar coast was higher when compared to that of diversity of the echinoderms from two landing canters (Mudasalodai and Nagapattinam) reporting 8 families, 11 genera and 14 species [11] . More than 30 species of asteroids from Gulf of Mannar and Palk Bay regions have been reported [5, 12, 13] . The percentage composition of the echinoderms showed the maximum of 73.00% in C. rarispinus from the month of January and minimum of 0.15% in P. affinis recorded in the month of December (Tables 3 and 4 , Figure 3 ). In the case of H', the maximum value was 2.6 at Pazhayar in summer and the minimum was recorded in Mudasalodai of 1.031 in the Premonsoon. The evenness (J') showed the maximum range of 0.997 in Mudasalodai during post monsoon and the minimum was recorded in Mudasalodai at 0.938 in pre-monsoon. The maximum value of Margalef's d was observed in Pazhayar at 4.06 in summer, while minimum in Mudasalodai (1.02) at pre-monsoon.
The k-dominance curve showed the maximum diversity of echinoderms was recorded in Pazhayar in summer. The lowest diversity was recorded in the month of August at Mudasalodai (Figure 4 ). However, as cluster analysis has inherent disadvantages of linking ultimately with the dissimilar groups, ordination of the samples was also done using MDS. The aim of this method is to represent the samples collected as points in a map (usually lowdimensional space). Samples lying closer have more similarity in species composition and abundance while samples lying far apart have more dissimilarity in species composition and abundance. The MDS plot also revealed the variation in species composition and abundance in two stations grouped in month. The stress value, overlying on the right top corner of this map, was also very minimum indicating the good ordination of the samples ( Figure 5 ) and also similar reports were found on clustering and MDS pattern [14] . The k-dominance curve showed the maximum diversity of echinoderms was recorded in Pazhayar (summer). The lowest diversity was recorded in the month of August at Mudasalodai ( Figure 6 ). Figure 6 . Percentage composition of echinoderms throughout the study period.
Discussion
Eight species of asteroids have been recorded during the present study. Echinoids are one of the more diverse and successful echinoderm groups today; 14 species and 11 families were recorded in Taiwan water [15] . Echinoids species are dominating in Caribbean regions, and asteroids and holothurians in Northeast Pacific region. A total of 86 echinoderm species were found in different parts of the world (Census of M arine Life, Natural Geography in Shore Areas) during 2003-2009; among these, there were 32 asteroids, 18 echinoids, 21 ophiuroids and 15 holothuroids [16] . A total of 53 species of echinoderms belonging to 30 genera and 19 families were observed through scuba diving (up to 15 m depth) in 6 different areas (Aves Island, Sound Island, Rail Island, Karlo Island, Interview Island, and North Reef Island) of North Andaman, India. Reef associated echinoderms, new report on crinoids and asteroid, and community structure of echinoderms in North Andaman were also studied [17] [18] [19] [20] . Previously, it was observed and confirmed that asteroids are inhabitant of both hard and soft substrata [21, 22] . Almost 88 species of echinoderms were observed along the southeast cost of India. Among them, 33 species of asteroids were recorded from Mudasalodai landing centre [23] . The wide distribution of echinoderms was reported and 18 genera and 117 species of the Asteroidea were listed [24] . Eight genera and 37 species of asteroids from the Australian region, including 10 Astrina sp and 10 Patiriella sp were recorded [25] . In the present investigation, it is evident that echinoderm occurrence was predominant during the summer season. This is may be due to some physiological factors (pH, salinity and temperature). Interestingly, more research is needed in this particular aspect and the exact explanation was not reported by any researchers still now. The echinoderm diversity differs according to various depth (15-40 m) and M. angustus, L. multifora are not found in Mudasalodai, but in Pazhayar very few are observed [19, 26] .
Species diversity is a simple and useful measure of a biological system. A high level of agreement between species diversity and the mature environment was found. Hence, the measure of species diversity is regarded as an ecologically powerful tool. The species diversity is mainly controlled by the fluctuations in the environment that leads to fewer diversity [27, 28] . Moreover, it is proposed that the use of diversity indices is advantageous for the description of faunas at different stages in the succession [29] .
The pattern of lower species diversity, evenness and richness during monsoon and higher diversity values in summer recorded in the study area is in conformity with the earlier observations made in Cochin waters [30] .
The k-dominance plot drawn clearly demonstrated the diversity pattern in three stations. When the data of all the stations were plotted together, the curves for stations Mudasalodai and Pazhayar were found to lie below the curve of station 2 (June) and rose slowly due to the presence of more number of species giving '∫' shape, indicating maximum diversity, whereas the curve for station 1 (August) was lying above, showing minimum diversity. This plot also ably proved the rich diversity nature of station 1 (Mudasalodai) compared to Station 2 (Pazhayar) (Figure 3 ).
In the present study, cluster analysis and MDS were used to find Station1-Jul out the degree of similarity among the stations of Mudasalodai and Pazhayar. Cluster analysis (or classification) is helpful to find out natural groupings of samples; such samples within a group are more similar to each other than the samples in different groups. In the present study, monthly data of two stations were allowed as input for cluster and MDS analysis. The dendrogram revealed that samples of various zones got grouped individually indicating variation on species composition in a particular station. Totally, 19 species were recorded from the present study and the diversity of echinoderms was found higher in Mudasalodai landing centers during summer season recorded during 2012-2014. It may be due to that asteroids are inhabitant of both hard and soft substrata. So the present investigation is evident that the echinoderm occurrence was predominant during the summer season. The migration patterns of echinoderms are not reported and the reason behind them is a mystery. Hence from the present study, the diversity of echinoderms was proved statistically that they are more abundant in summer season.
